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(57) Tho mschod Ineludoo running o Knor 17. production 
padcor 15 and poKohod boro rocoploOo (FBR) imo o well 
on ttie production tubing string 11, comonting tho liner 17 
in place by pumping cement through tfio production 
tubing string 11« setting the podcof 1& and optionally 
thereafter releasing an upper portion of the tubing string 
from the PBR. A seal assembly isolates the PBR bora from 
cement exposure during liner cementation. Annulus 
pressure produces a reverse fluid surge and circulating 
flow to prevent PBR seal area contamination when the 
tubing string is lifted oway from tho PBR A connecting 
assembly 12 is suspended from a production tubing string 
11 to position tho liner 17 in o woNboroL The connecting 
assembly tranomito rotstioitsi end kmgitudinol forcoo 
from the production tubing string to property posMon and 
cement the tiner in the wellboro. Tho connecting aosombly 
indudes a device 20 to limit torque fbrcea on the tubing 
string^ and a longitudinal slip mechanism 28 permits 
limited longitudinal movomertf between the connecting 
assembly and tubing string* A pecker 15 is set to seal 
between the production tubing string 11 and the wett 
casing* An extended length of tubing lis 03«tends below 
the packer to provide a condnuouo tubingAlnorcosing 
overlop 8f 00 for cementodon. 
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WELL comflehon system and method 



Tlw prexm nveatioD nialet genoany to the coop^^ 
parfcolMfy. thfa inveniioo idaitt to an 
5 a User in idace witfats a wdl and for compledng the wdi in a «a»>fT which 
minimizes the nnoter of tiq» into and out of the wdL 

Barlfgmtmd nf Hi«f ypymtion 

Unen axe typically used in peecoleum ncoVeiy opetationa to eaae^iff new 
sections of wellbore drilled bdow an already cased soc^ Tliolineris 
conventioaaQy attached to a'diiU string and is lowoed with a liner hanger and a 
polished bore receptade feom tf» drin string fluongh the cased part of to 
the liner is positioned in the open bore. The liner hanger fa subsequentty set to 

anchor the top of the liner to the base of the soixoimding casing, whidi previo^ 
was fixed within the wdL 

The liner fa conventionally cemented hi die wellbore. A fluid cement shnxy 
fa puo^ down the drifl string and dreulated IV daough the open wellbore and into 
die amwha area between die liner and dtocasfag. Acementammlusfadnisfonned 

between die exterior of die finer and die waDs of die wdlbore, and ideally extends 
fiom just bdow die Oner to die base of die liner hanger. 

In QrpiealUnerhanferfaistallations, dm Uner hanger faancfaored near ^ 
of die previoasly cemented casnig string. The liner fa dnia suspended diiecdy fiom 
die hanger, which in turo fa suspended from die casing string. A polfahed bote 
w*!««cie (PBR) fa positioned direcdy above die hanger, and fa cemented in pta^ 
with die liner hanger. TTifa design provides a rehtivdy short -overlap- between die 
casing and die liner, which makes it difficult to place die proper volume of cement 
in die overiap area widiout ovenifapladng and forcing die cement above die liner 
banger and polished bore recqMacle. 
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The liiier hanger if typterilyii^^ 
by the dsill stiiiig or is hydnadiedly set by F»*""^'"'t fluid in the drill sbiog. 
After bdng set» the ancbored Uaer hanger, pdished boie zeoeplade, and attehed 
liner may be released ton the dnU stxiog by xnechaskal or hydnuxUc acdvatiocL 
5 In a typical linar inwllation, die Uner hanger is equ^yped widi a bearing 

member which pennies the liner to be rotated after the liner hanger has been set 
RiMadoQ of the liner dining die cementation process is en^lo^ 
placement of die cement around die liner and thns die quality of die cementing 
operation. SpedaUaed hanger designs and settuig tools operated by the drill string 

10 are em|doyed to hang off and rotate die liner. 

After the cemendng operation and die tripping out of die dxiUing ttring, die 
liner is oomnxmly tied bade tp die surftmwidi a pixx^^ jheFBR 
provided direcdy above the liner han^ff has a smo(^ cyHndxical inner bm 
to recent and seal with an external seal assembly carried at the bott^ 

15 which stabs into die liner hanger PBR. Because die open bore of die PBR direcdy 
above the conventional liner hanger is exposed when the drill string is sqiazated from 
die liner hanger, cement which fiequendy has been pumped above the liner hanger 
Ms into die FBR bore when die drill pipe is disengaged from die hanger. The 
preaeoce of dds dd»is, as wdl as mnrhaniral damage to the receptade occurring 

20 when oementing die liner m place* may prevent a seal assemUy from subsequendy 
entering or sealing widi die recqitade bore* When dds occurs, expensive and time 
consunaing dearnip tr^ ami rqnir procedures are reqinred. The q«ation of 
tripping dm driU string in and out of dm weU to condition or r^air the PBR and 
ximmng in with the prodnction tubing may take days of rig time and cost hundreds 

25 of diousands of doOan. To complete die wdl, a production tubing string may be 
sdisecioendy trqiped in widiapoductiim packer wUch is normally stt high above die 
liner hmiger. Tyjrically anodier FBR is provided fot getting on and off die set 
production packer. 

The conventional polished bore lecqNade at die upper end of the Uner 

30 employs a pdished bore diameter which is equal or larger dian die internal diameter 
of die liner, so diat a liner hanger PBR and sealing assembly do not restrict 'full 
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gaage' internal access to the Hner. Use proctncdoa tobiag stzing ntay extead down 
and seal with tbeHnerPBR. Tbe seal asemUy for sealiag with the Uiwr PBR must 
seal the gnaeaSfy sigBiflcaat amnilar aiea b ctawn th« liner PBR boie aod the 
feqenOty aoMller <wier diameier of the piodDctioii This renha ia laige 

5 pieasure-itidiicedfbrceaacthii above and betow the seal aa«mM^ 

b asaged with the Ihier poliahed boie leeepiade. Most iiopoftntly, the Uner 
my^itiidiielioa tubhig seal asaenUy is expocad to ooraid 
from the lower prodndng formation. These pmsuie^sduced foieea may impait 
excessive stresses htto the production tnbing stiingt lesoliing hi distoitioo, burst 
10 and/or ccdhqm of the ptoduetioa tnUng stxiag. 

A Qrpical liner histBlhtthm employs an aiKfaoed prodoctioa packer m 
tubhig-tD<asing anmilus to both iaolale the liner PBR from full annular bydrostatie 
pressures, and to absoifa and iianifigr to the eamg ito e rMwp w»t il^r «mHt«j ari ^ \ i^^ ^ 

resulting frna nonnal high pxessttrd-esTosiire of die faitenial piston area between ^ 
15 tubing and liner PBR. The casing may be open from above the Uner PBR to below 
the pioducdon packer. Altematiyely, a tobuhr typically smaller m diameter than the 
pioductioo hdnng may extend from die prodoctioo packer to seal widi die liner PBR. 
The typical installation fintfaer mdodes a padoer PBR, siad appreprialely to die 
t^per tubing, to permit dii wig agftm ent for Quid dreolalion, hiMng reizieval and 
20 acco mmod a t io n of normal leagdi changes In die tubing string «tMM««n to die 
surfoce. 

During die oeneadflgprooesa, it is important to fflhdniaefomadoa damage 
by limiting die hydrostatic pressusa imposed against dm fomatioa to be produced. 
FactoR afiiBcdng die hydrostatic preasnre hKhide die height of the cement column in 
25 the drill string and tbt pump pressure required to overcome pumping friction 
pressures. High cement columns and high pump pressures can produce high 
hydrostatic pressures which may severely damage die producing formation. 

The qua% of the cementalion process is affocted by bodi die velocity and die 

turbulence of die cement flow as it moves uito die annulus between die liner and die 
30 surrounding wdttwre and casing. A reduction in the velocity and turbulence of the 
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the bcMhda IS ite ooi^ 

T1i0 disadvutigcs of tte pdor tit are orvevoonid by the piuciU inventkxiv sod 
an iiupioved nwilhod nd flystcsi are hfiRiuflsr dfwifcwf J ftir cfmfntiin a Unef tii 
S jdaoe withitt e ^>dlbow and mere cc enoflilgtf 1y ocwwplfHflg i wdl* Thetecbekiiieof 
this lovaotiflQ w|pimia— miinbef of tc^^n and tiip<Mit operitiopa» and alao 
provides e xdiable ccnicnriflt op er a lkgt while miBiiniriot formtioD skin damage. 
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The system aDd method of the pRsem iflvestioa employ 
jtrim rf f^** » ^ pip* »«™g to poaMon a liner in a wdlbore and cement the 
liner in place. Tbe techniitue of this Inveatioa rtiminatrst the oooweotiooal liner 

5 hanger, liner poliihed bore roceptade and seal assembly, diill {ripe, and anorisfrd 
User hanger/polished bore receptacle running tools. A producdoo picker and a 
pdished bore reoeptade (PBR) are nm in with the productioo tuUng string above the 
liner. A portioo of the productioa tubing extends bdow the productioa packer and 
die pofished bore receplade and fbnns an extended overiap sectioo between Ae tui^g 

10 and surrounding easing in the area bdow the packer and above die base of the 
sunonndlng casing. This extended overi^ section provides an ample area Ibr 
oon^lde cementalkm beta^ the prodnctioo tubing and casing white rediK^ 
danger of pompingteoemetttabovejheraR, whtdi is prefierably ^MMdfa^ 
the lower end of die casing. Stilngen of cement whidi tend to devdop above die 

15 cemem top during cenieniatioo are dmspfaysicaUyistdatedfiom die producdmpadcer 
by die rntiff*^^ ovedsp, thjereby ninimizing coatamiaation of die area above the 
production packer where die FBR is located. 

The system and method of die present invention pennit the producdoa taWng 
to be used to pondon, rotate and/or recqirocaie die liner to more reliably portion ^ 

20 cement the liner in place. The production tubing connections are tfareaded and have 
;iyy i l^ii»nng metal4o>nietal seals which tolecate high torque finoes. A torque 
transmisdon and torque fimiting member transmits torque firom die productioa tulMng 
string to the liner, and disengages when excessive torque is ^ilied to imtect die 
tubing conneetioas. LoogitDdiealnovetnent between die tubing and liner is permitted 

25 by a slq> mechanism, which permits longitudinal movement of die production tutnog 
stzxng relative to die liner. The production tuUng string may dius be moved during 
an emergen^ when cementing the liner, <a when normally producing, treating, 
stimulating, or killing the well. A shear mechanism controls initiation of tubing 
movement after die liner is cemented. 

30 The system irf die invention indudes a prodttction padoer which may be aet 

widiottt movement of die liner. The packer is connected to die ^oduction tubing 
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tiSeUnerdawnhoIeaodiAaiiDlalingfliel^ Tlie 
pidBer nmy tfaiu be «et ifler die liaer hu been cfmcntrd in jSaot. Ihapi efea e d 
ftoD of die inveadODt die padoer oottt^ a sanU taqtaiift ebuse wfakh is 

5 detonated from die wcD sufKe. Hie setting pr oced ui e is iftttyt^ of wdl 
presmie or OiUog m of ve me nt to prevent die padoer from setting during the liner 
placement ct ce m e ndn g opentdon. The packer is also cepible of sBowing for the 
diailatbn of hi^ denaiQr fluids at high Sow nOea in die annuhis between die 
pioddcdon tubing string and die casing bodi before and during die liner e»fr t ^t\p i 

10 opendon, and dien subsequent setdng of die padierwidioiit movement of die setdng 
siting. 

The FBR m^ be prpwided widi a idease system whidi permits rdease of die 
production tubing String by various 4peaas,iadodingpieM >iri rin g the tabing-to^ 
ammiusdbavedieFBR. Upon iiddalsepiadoa of the tubing string* a rapid reverse 

13 flnidisiienlatinnflinyla^^hHAM^rfri^ 

Other coniMtninmii vpwnxd into the tnUag end vnf torn the bote <tf the FBR. 
Specified seaUng memben at the lower end <rf the seal assembly wittistand this 
intentional differential piessme imloeding techiaiqee. The inveatioa tfiiis allows the 
pioductiott ti^g string to be te^gaged with the pdished bene zeceptacle without 

20 tbt need fbr snbsetpieotpfoeediues to dean and redress the FBR. 

According to the m e tho d cf tlie insent inventiottt die Uner is positioned and 
cemented in place using the productiott tubing string. Fora given wdl, the volume 
of cen«it which may be carried within an axial length of a typical production tid>ing 
string is greater dan that wUch inay be canied by die san» asdal length 

25 drill pipe string. Accordingly, die column of cement oontahted in ttse drill pipe 
extends higher dan tte same volume of cement contained in a production tubing 
string. The shorter cement cdumn employed aoomiing to die method of die 
invention produces a lower hydrostatic pressure in die wellbore which is less injurious 
to die hydrocarbon bearing formation. 

30 U se of prodncdoo tiiUng ladier dun drill pipe to carry die cement to die liner 

also reduces mud contamination of die cement slurry. Drill strings are typically 
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iBtenMOy i^set at tbek tbfCMkd^ oonie^^ 

disoonttonitte in the flow path of the drill string. The ponqnkiwa pings phoed 
ahad of and bdusd die oemeat slurry do not effidendy die constricted aitas 
of tfae dtill By cootiasi, a productkm tuUng string iMeh empUys prendnm 
5 nhfliiktaring^ metal^^n-iMtal Mali in Ihft threadati.^ eniwiagrinif ha* a m^n^^j^y 
uniform ceotnl bne widch is efficiently wiped by tfae pump-down plugs. The 
smooth flow conduit provided by the production tidring also improves the flow of 
cement in the bax^bcto as wdl as in the casing-to-Uaer anmihu by riimi«««jtig 
excessive turtraleaoe and vdodty in die cement fioar. Mneofvcr, by providing 
10 pnxinctlaii taUng nAer dna a finer widiln the aet casing, die lap area annnlus is 

Hio dfirign of dippwijBOt lyitcni diiniimo the ncpd Ibf SBpmte Hiicr lumgcp 
and setting tods, and pmoits the QwcrfboA with snaller outside 

dianeten and hager insde dfamrtrn as oouipaied with ooovcatlonal ffiiPfnflng 
15 systma* Tlie PBR nay be itaed for the pfodnctioii !ffWm stiiiig ladier than for die 
liner, so that it haa a smaller outside dametor and a shorter leogdi dian die FBR 
conventionally provided above the liner hanger. This feature permits larger fluid 

Bcom the foregoing, it will be i^pieciaied diat a primary object of die 

20 invention ia to provide a medied and system to 

cHmittates the requir ement for a liner hanger and a specialized Us^r-hsnger running 
tool wUdi nntst be wittidc»mfomi the wdl prior to tunning in the final 
equipmenL ArdatBdob|ectof die invention to dindoaie the need for a liner h^ 
to stqpport the liner and permit rotation of die liner during oementatioa after tfae 

25 hanger has been set Sincedieliner hanger is not required as a su^Knsion device to 
secure the liner in the weOhoro during the cementing operation, no Uner hanger 
bearing members are required U> allow die Uner to rotate rdatxve to t^ 
the cementing operation* Anodier object in tins invention is to enable continuous 
circulation throughout all liner plaoexnent or drill-down, conditioning and cementing 

30 stages. This contiriuousdrculatkia capability iiraeaseswellbore 

integrity and oontrol in a manner whidi is not possible aocording to conventional 
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t o e bnupn wbodii m liner hnser and ninniiig tool require cesartioo of mnd 
cimlatlofi duting dfgrouBfrtioii of the nuuisng tooi piior to coaunaoanat of 



Aoodw ol^ of die pfoent inveatioo is to previa 

S in^lHng a liner in a wdl wiftmit tha normal cetMat eftntamiM^^yn tf^ H fl f y 

hanger pdiahed bore itccptide. By diminaring both the liner hanger and the liner 
FBR above the base of the set easing, subsequent remedial opetadons required to 

The method and system for iiostalling a liner wit^ 

10 within die casfaig an adequate distance from the cemeot-tap to siAstantialiy minimire 
or iCTcdcally eliminate ti» H Wihood of the punqwd cement fillmg the PBIL The 
technique of this invention 9lfo reduces flie liltriihood of cement stiingen ^i^iich tend 
to devdiy above the cement top during cemmtation. 

It is also an object oi ttie present invention to prefvide a meduxt and system 

IS for crmmting a liner in a well using a shnter ffmfnt ooLwrn and inqaroved cemmt 
flow passages to reduce the hydrostatic bead and effective dxculating pressures 
commonly encountered in conventional ^'*'«m!iiig procedure» thereto reducing the 
pressure of the cementing fluids acting on tlie down hole praductioQ formation and 
incxeaang recovery of hydxocaibons. Ardatedobjeaof the present invention is to 

20 inipxove the quality of liner cementatiaa between both die borehde^^^ 
and die linerHo^asing overiap area by redndng die tnt^^ 
flow widi die use of production tulring ndier dnn drill pqie for a wmmting string. 

It is n ft gnififanf feature of dm pmacnt inwrntinn that wrfl ^i;wn[J^^ cfflftS 
may be suhsiantially reduced by eliminating separate^ repetitive trips assodated widi 

25 running a liner hanger in a wdl and diereafter inlerooonecting die polidied bore 
recqMade widi a production tubing string* Aretatedfeatmeof dieinvemionisdiat 
the completion costs are substantially reduced by m^nSn^^Siiy the likdihood of one or 
more remedial pipe running tr^ necessary to restore die mfriianiral int^ty of die 
liner-to-PBR, or to clean out cemett from die PBIL 

30 It is a fordier feature of die invention to reduce damage to a formation caused 

by die hydrostatic head of cement By tedudng die hydrostatic head of die cement 
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in die nngc of ftoni 5% to 8%» fbnnatiOQ fisctm presnn nuy not be fx c fc dc d t 
tha^ sigrdficastf y xtdocing damage to the formation and increasing the recovery 
of hydrecaiixnu oooe the oemnted Uner is perft^^ ft is a fitrther feature of the 
invention to increase d)e qualiqf of the liner cementiiv opexatiaa by reducing 

onttamination by weU fhnds or nmd due to poor 
thzoo^ ttdralan with non*uuiforci internal bores* 

It is n related feature of the in^mtim to reduce the pumping presaues 
required to flow cement faito the annulus between tte liner and the formation. Ihe 
10 afifmiar flow area in the lap section below the production packer and above the 
bottom of tiie casing is increased. A rdadvdyshoitPBR and packer assembly may 
be used with a smaller ootec diameler than conventional systems, thereby resulting 
in lower effective drcolaling pressures. 

A fiirtber feature of the inventkm is that the production pac^ 
15 rotate with the ptoducdon tubing strung white the liner is pofitioned within the 
weUbore and is cemented in place. Tte packer is designed to withstand external mud 
circulation during drilling, drculationt or cementing operations widiout adversely 
impacdng its subsequent setting and leaBng funcdoos. The packer is designed to 
enable running on the production tubing widioot requiring additional setting tools. 
20 The padaerinay be norrnaUy set in the casbgwitfiottt movement of d» 
body* and may utillre hydraulic pressure downhde for pftcker*sefti^ 
an internal port exposed to mud and/or cemendng flukls« The pecker^setdng 
operatioQ may also be initiated and controlled by a remoldy transmitted agnal. 

Yet another feature of dm invendon is dut die production tubing seal assembly 
25 is abte to withstand hi^ annulusHo-tobing differential pr e ssur e s due to the design of 
the seal assembly and the polished bore rrrqtfacle. The PBR may also be provided 
with a torque transmissioo and torque limiting device^ with a single or multiple shear 
mechanism^ and with an annulus-^ressure response disconnect device. 

It is an advantage of the invendon that existing downhote components maybe 
30 used in much of the system according to die present invendoo. Anodier advantage 
of die invention is die teducdon in downhole tools and setdng tods required to 
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complrtr a wdL A ftmlMr advutags of tbe toweot^ 

curifliHiTfli Ihr indhrkiuil wells which require diflfareal disoouMtioii and load 

cairying l ai uii ei ncn ta, Tq^goutoolyapoitioaordieprodiic^ 

imiiiipd to ccHuphte tfac wdL 

lliese and flnther oliffeets. fisatuies and advaidagea <tf tfie presea taraotkm 
beootne^paientficomifaofiono^ whadn leferenee is made 

to the figines 10 the aooonqttiiying d^ 
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Figpie 1 is a vatial devatioo, putiiUy in sectioo* scfaemadcaUy depicting 
a conventiooil liner with a typical tubing string tie back to well sorfKe; 

Figure 2 is a vertical deraik»t partially in aectioOt illntfniting tbe asnsbly 
S of the present invcntkn enqdoying a prodoction tubing ttting to posidon tbe linert 
cemem die liner in place and set the piodQCtioo packer; 

Hgnre 3 iUustrUes dte systeoi of die present invendOQ as it appears fbUowing 
release of tbe {noducdoa tubing bom die pdished bore receptacle and showing a 
reverse dreuleticii of fluid wfafch prevents oootaminsdoQ of the polished bore 
10 rp f f ptt i f lft; and 

Figure 4 is a vertical devadont partially in section, geaetaliy illntfrating a 
torque transmitting and t ot xpie Hwwtiitg meebanisni and a sbear-^pe release 
mfrJianism each provided widda an upper podoa of a poiialied bore receptacle. 
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Figure 1 ifliiitiiaesacogwaitfon 
atLHA« A liser hanger lil u iUusttated siippo^ 

CS, wbidi has prevknisly been cemented « othenvise seciatd wittun tfe wdL The 
5 Una L extends bdofw the cuing ttdng CS and into an open borehole B, A lower 
polished bore reoqMicieUBR to imividedisi^ and 
opens upwanQy toward the wdl swftoe (not iOustiaied). 

During the nmning of tibe liner L, a drill string and setting tool (not 
iOustratecO are used to lower the liner the liner hanger LHt and tf» 

10 bore reoepcade IfBR into the illQstrated position within die boreliole B* Ceoaent is 
dxculated into die borehole d&coi^ die drill string and liner U During this 
cementing process, itisusu^desirsbteto manipolaieaedriU string atdiesuifioe 
to rotate and/or l e dpro ca te the litver L as the cement is being diifptacfd into the 
borehole B. Prior to cementing, dse liner hanger LH is set and Oe drill string is 

IS rdeased fitom die liner hai^. Special weight carryii^ relating assemblies in die 
liner hanger are used to rotate the liner during die cementation. 

Cement in die annulus between die liner L and casing CS is freqoendy over 
displ a oe d during the cementing process and the cement isciicoiated up over die top 
of die lower polished bore reccptaeic LPBIL Thisccmentandother solids in the drill 

20 strxng*to<asinga&auhisfidl down into die bore of die lower pd 

LPBR when the drill string and setting tool are rdeased at the completion of die 
cementati^Mi procedure^ 

After die liner is amh ored in place and die drill string removed, the 
conqiledoii or producdon tubing string FT is lowered into die wdl widi a pacloer 

25 tailpipePIP, aprodncdonpadDerPPt and die upper PBIL A producdon packer PP 
may be spaced 100 meten or more above die liner hanger, and seals between the 
production tubing string FT and die casing string CS. The upper polished bore 
receptacle UPBR is provided immediately ^love die producdon packer, and allows 
the producdon tubi&g string to be selectively disconnected from the set producdon 

30 packer. Hie seal assembly SA at dte lowermost end of die producdon tubing string 
is inserted inn die upper PBR. Debris idling into die lower PBR as well as 
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*"*>^«"«'^' damacB to tlie lower PBR boe during pbcement of the liner or idcue 
of ^dtill string any pzewent efiGective sealing of a seal assembly (not siiown) witti 
the LPBR. Maxtovetf attend at inserting the seal aasenbly into the boie of tiie 
IPBR nuy daniage the seal assembly, tliezd>y piewenting proper sealing eagageoM 

S Figure 2 iHnstcates one rnihodimpnt of the system lOaccontingtDthe pmeu t 

invention. A casing string CS extends £rom die boidideB toward the wdlsurfiKe 
(notilhittraM). The <yrtem 10 utiB» a complelion or prodactioo tubing string U 
wbidi during piodocdoa ties back to a teceiviBg vessd or tn i namiMion line on the 
sucfilBe, to cany a oooncedng aneObly wpitita ied geneally at 12 into tbe wdL 

10 Ilieoofmeediigasaeably Usermthepufposeofbotlisealiagtbeprodueti^ 

string with the set casing and inlnoomiectiag and adeetiveiy dilwwnfirting the 
prodoetioo tiAiiig string finp the eiiii^piDeflt bdow atsenib^ 12. The '^rtfrting 
assembly 12, in a general sense, thus perfatms a fimctian dndlar to the produeiiim 
packer FP and dm iq^erpdidifidbaienoqi^^ 1. 

IS Retexittgjoi2idytDFigs*2aiid3,diec^^ 12 includes t seal 

assembly 13 which extends between die p roduction tiiUng string 11 and a polxsbed 
boieiecqNacteU^ whidi is provided alx)ve a productk^ TliesystemlO 
also indudea a secdm of production tnbing lU extending firm 15 
to the liner 17. The production tnbing section 1 la jmrvides an extensive ove^ 

20 between the O.D. of die prochiction tubmg Ua and the LD. of die casing string CS 
for receiving cement to bodi inqsove cementation between die lower end of the 
casing C and die liner 17, and to protect die PBR 14 fiom contact with die cement 
A plurality of centcalizers 44 are preferably provictod alrag die lengdi of tbt 
tubing secdOQ 11a between die padcer 15 and die Uiwr 17 to centralize die tubing 

25 secdorn 11a within the casing string CS. A crossover sub 16 connects du^ lowermost 
end of the tubing secdon Ua widi die liner 17, whidi extends downwardly into die 
open borehole B. Those skilled in die art wiU qiprectate diat, in many a^ 
die liner 17 does not extend Into a vertical borehde as shown in die figureSt and 
instead extends into an hidined or substantially horiaontal poctiiMi of die borehole. 

30 In ddier case, die producdon tuMng string 11 is mat^Ndsted from die wdl surface 
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to portion dio liiMr in ptaoo wuhu tbo bordiolo ud iimbui is ptiwirt ^^'^^Twgh tbo 
producdoQ *^*Hpt string to CCTCiit dio Uocr wtddn tliB borthote. 

Figaro 2 flhutxates tte lioor 17 in portion wiAto 
fffTTiflfitwi into plncou Dnring tho process of lowering tlio liner into position, dio 
S production tubing string 11 nmy be rot&ted end rodpropsned es recpiired to finoe die 
liner into proper portion. A clntdi mechenisni or odier mi{iie tiensodtting and 
ttxnpie Wiwidng device 20 es discwssfri fintiier below is pvefaebly positioned in die 

^ connecting assead)ly 12 and pennits die rotary fbroee of die producdon string 11 to 
be transmitted to die liner 17. In die evemdiat die liner 11 sbouM lodge or should 

10 odieswise become difBcoU to rotate^ die device 20 will xeleaae to penmt rotadm of 
thearkg 11 widiontc oi it ^ ) on d in gi no v em e n t<rft!ie liner 17, This feature protects 
threaded connections in tlie string 11, sudi as 22» fiom being damaged due to over* 
torquing. 

Ceottat is pumped from the surface dsough the producdicm tubing string 11 

15 and out of die bottom (rf die liner 17 into an annulus A between the boidide B and 
the liner 17, In die process, upper and lower tidiing wiper plugs 40 and 42 may be 
employed to provide sqMuadoo between tfaecement and the drilling fluids. While die 
cementing is in progress, die liner 17 may be rotated and/or r e cipro c a ted by 
manipulating die tubing string 11 to ensure prefer dirtorsement of die cement in die 

20 annulus A. 

By puii^iiv oenient through a producdon tubiiv strmg radier thn 
drill pipe string, tlie hydrostatic head of the punqped cement toxjf be reduced, ttierdyy 
minimiring damage to die formation. Those rtiOed in die art wiUqipieciatediat the 
internal diameter of a suitable production tubing is larger than the internal diameter 

25 of drill pq;ie oooventiooally used for transmiuing cement to die liner and into die 
bordude. For any given well appUcatioa, the same vohune of cement may dtus be 
pumped-tlirough die liner and into the borehole with a lower hydrostatic head due to 
dm larger internal diameter of production tubing used for each wdl as co mpar ed to 
the nze of die drill pipe string used in drilling and senridng die same well. Also, 

30 upper and lower wiper plup which are used to s^arite die cement firom odier 
wdlbore fluids frequendy cannot do an efficient job of wijring die interior sur&ce 
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betffwa the jdna of dnO due to 

pipe connections* By utilizing production tubing ttthts thin dxiU pqk to paxop tiie 
cement to die Ixner^ more efficient wiping of die pings is obtdned doe to die 
subsiandally unifonn diameter of each of die joints of tiddng bodi along die fidl 
S leagdiofcacfa joint and between adjoining tobolar joints 

tuhii« ooonecdon. A suitable tidring according to die piesettinvendonni^indttd^ 
botfi ModA 521 tubing manoftctmed by Hydiil or tiddng mamifiictuied with Atlas 
Bradfoid Model DSS*HTC threads. The desired tubing has substastiaUy uniform 
inteaal dianwter botes and high pressure melal-40-itt^ 

10 reasonaldyhiglitoiqm and pennit efficient wiping <rf die cemettslQ^ 

Time ddlled in die art win appreciate diat a sdbsiandd fyr 
faramplei 300 melen may ^pically esdst between the prodocdon packer and die 
lowermost end of die casing string Ittdiepriorart»asdiofwninFig. l.apate 
tai]pq)e FTP conveodonally extends between dm prodocdon packer FP and die liner 

15 haqgerUL Using cocvendonai lerJwikjies and e<piq»ment» bodi the packer tailpipe 
FTP and the liner Lbdow die liner hanger LH have an intenial bore diameter ^ 
b less dmn die bore <rf a suitable produdioQ txbmg section lla which extends 
between die pfoducdon packer 15 and die liner 17 according to die present inveodon. 
This feature reduces die hydrostatic head of the cement during the cementation 

20 iHticess to prevent formadon damage. Equally inqiortant, die O.D. of die packer 
tailpipe FTP of die prior art is greater than die OJD.<^ the prodocdon tubing secdon 
lla of die present invendon. Accordingly, die use of production tubing string lla 
provides for a ddcker ammlns which is subaequendy filled with cement dian die 
annulus provided according to die prior art, dierdiy obtaining a more extensive and 

25 reliable cementing job and because of die increased vohime available to receive 
cemeat, reducing die likelihood diat cement will be pumped up to an area adjacent 
die producdon packer. AIso» die direaded end connecdons of a convendonal liner, 
like die direaded end cooneedons of a driU pipe, provide a high resist 
flow of drining mud m odier fluid while die cement is pumped hito the well. By 

30 using production tddng rather than driD pipe above the producdon packer, and by 
using producdon tubing radier dian a liner bdow die packer, improved flow passages 
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819 provided wd pump pkbswvb xcnuirBd to pump ttecB&mt downbolftiod id fisico 
tli0 svdl ffloid iipMid to tfie Hifikfi p in tfio tnmilw ^vitUii te cubig string CS is 
ledooed, tihceby agrin xedndng the liWIhond feat exceirive pwame win danage 
tfie fijnnatioOi 

5 TtepadcBT 15i»ietafteromimrtngwiflidi6ttaeof 

syttm (not iUustntod) containad wittdn the padoer 15. Tte setting system may be 
desigoed to actuato a set of sll^ 24 and an anmilar packer seal 26 wittiout axial 
movement of either die producdon tubing string 11 or dm packer 15» which is 
structually seemed to dm cemented liner 17* An cxanqte of this signalling system 

10 is described in contspooding U.S. Fatem Applicadon Serial No. 08/386,565 filed on 
February 10^ 1995, and assigned to the as^nee of dm preaeatappUcalion, Ihtbo 

tj^ftifij fnt^H^nim flfYwrfIng ta invtarion^ an arplftaivtt efaMye may bft centaingd 
within thf fftting nr^^«" ^ ^ jk^fmrnimd m rmapona^ to Mqiigntial prMgiim 

signals sent from die wdl surfiice down disoi^ dm well fluids to the packer. It is 
15 inqmtant that dm packer 15 mny be set using positive fluid pressure qiplied in dm 
annulus between the casing and the producdon tubing string as the setting force or 
energy. Internal ports commonly used to set a producdon packer by increasing 
internal {nodocdon ddring fluid pressure would beoonm plugg^ widi cement and 
prevent dm imxiucdoo packer &om bdng rdiaUy set The packer may thus be set 
20 downhide in response 10 a piessuxe or pulse signal genenmd at dm surfa^ 

use posidve annulus inessure rather dan internal production tubing pressure as the 
selling force» 

As best ilhisttated in Fig. 3, dm pKknr 15 holds dm top of dm liner 17 fi^ 
witliin the surrounding casing C and provides a seal between tlm casing string CS and 
25 liimr 17. The padmr 15 seives to provide a rdiable seal to keep formation fluids 
frrai enteriiv dm annulus between dm casing and dm producdon tubing string 11 in 
dm event that well fluid pressure leaks past dm cement surrounding dm liner 17, 
24 within dm packer prevent well pressure above or bdow dm set packer from 
axially moving dm padoer wittdn dm casing string CS. 
30 The padmr 15 is a drtDing-compadble packer widi an annular seal 26 whidi 

rotates widi dm producdon tubing string 11 whiledmlhmrisposidoneddownholeand 
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dnzing theQemeatiiigprooea. Theaiiiiii]irpadaerKd26iiflmkBgf«dorodknnie 
mechatrically intercoaiiBcted wilfa the mtndxei wfaicfa pnes tfaroo^ the ptcker nl 
and tim with die lODductiott tnUnf Aiing to rattte b imia^ If tfaeammlar padoer 
seal were allowed to remain stadooaiy against die side of tibe casing string ytAai» die 

5 jnodnction ft«^«fag string rented* wddch is die oooventiaQil anangenent fof mott 
padoos, beaiinp and seals in die pidov wonU qidddy deiBrioiatB. Since die 
aiwwi^^ pfjfffcfff seal lotates with the productiott tubing iiringi nedianical guides ot 
centralizen (not illustiatBd) may be provided above and below the producdon padocr 
to reduce the IfVrithnod of die unset annular padcer seal engaging die casing dating 

10 lotadon of tfte produetioa tubing string, dtesdiy mfnimirfng damage to die annalar 
Iffl rlW T seaL 

Tte .ndu »d 26<tf p.te U i.d»Mv»l be dtet. 

withttand tibe fluid pressm it mnd ^mct upwiKd pm thcprodoctioo packer i& tho 

15 of ttiapioductiiOQ packer Aooldte both sizfidai^ 

this diculatioa pressoie siDOB fli^ 

bdng positioiifid dowdude aad wUte cen^ 

tubing string and into the borelxde. 

It is a fisabnc of the pmcm inventioQ diat die pcdi^^ 
20 have an intenal bore diamder whidi qjproodDales die ottier dianeter of die 

producdon tubing II, radxr diaa having an internal bore diameter which must 

accnminoriam die ctmveotiooaay larger Ottter diaineler of die packer taHgip^ FTP, as 

shownindiepiioraxt of Fig. 1. Fw a given wdU die poli^ied bore recqptade 14 

may dtus have a smaller outer diamrlrr and have a shorter axial length than PBRi 
25 used in prior systems for the same wdl, thereby further lowering die pressure 

required to circulate drilling fluid upward between die casing and the 

cementing <^)eradoo« 

When die tubing string 11 is anchored at the wdl surface, limited longitudinal 

movementof die tubing string 11 rdatxvetodiecenieotedlmer ispennitiedbyaslip 
30 mechamsm 28 mduded in the coonecting aairnibiy 12* Tim ddp mechanism 28 

allows die tubing to be moved as required to inopedy set die tubing 11 m die PBR 
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t4^4ad to kagifam or eooMot with lopeet to ttw FBR dndi« aoK^ 
tteittBg Qpcntkot. The prodocaoo tnbinf atriaf 11 mty thm mam whfc TTfpBCt to 
tlie PBR 14 wiOom je qp udiring the aeiUiig integrity betwccs tlw Hoer aad fbe 
moductlao tuUog stdsg. TIMFBR 14 my weeptviitotts 9pe»of Mis IS^vUiiB 
5 a slipiMGliaBiaii28. SiacetfaeiatmaldiaiMter of thePmh«»an*mrim«««T ttw 
outer diafflder of the pradnedoa taUng abing 

to t U|b prawne-iadaeed fticet wheo the produGtiai tsMnt Aiing ll h removed 
fiom die PBR 14. Dwinf ttd» dinroimiTtlciB opetition, the lower scab 32 aie able 
to iwithetead ahiRh preMme in dieanitiilos PA during die wv«« flaw ntnt ^^ t ^ 
10 diseosMd bdow. The FBR 14 is dna hjsdiaidicaOy oooqiadble widi dK 

tubing to miiriiniTe jMessuie difGsiendai forces acdng oa die seals within die slip 
assembly. 

The PBR 14 aoeodiiig to fbh inventini m^ be designed to transmit bodi 
torsional and tensile loads during running and «^«H«wwting of die liner. As shown 
15 generally in Fig. 4» die upper end of die FBR 14 may include a toniuetxansinisston 
mfdantim 34, whidi my consist of dreamfeiendaliy ananged teedi 37 at tite tower 
end of die prodncdon tui^ string 11, and madog teedi 38 at dw upper end of die 
PBR 14. The teedi are designed fior madng engagement to transmit tofqiie between 
die prodvcdoQ tnbing string 11 and die body of die PBR 14, and dwa to die 

20 pcodoedoo tuUDg 11a below the pedDorU and duis to dto liner 17. Vaiioasty^ 
of torque trangnlntinn mechanisms wKy be provided for serving this purpose. The 
torque transmission meBhenim 34 may^abo indode torqoe-Umidng memben, soeh 

as w«bs 3Sa exteodisg ndiilly ontwaid firam body 36 each for fitdng wi 
3Sb widda die FBR 14. The webs and slots are designed to nonnally allow 
2S engagement of die teedi 37 and 38 to transmit torqDedmwgh die webs 35a to die 
PBR 14. Tito wcto35t may be designed to shear and diereby Unit toRtne to. e.g., 
30,000 ft lbs., dins easoiing diat excessive torque is not transmitted to die dutads 
22 of dto pvDducdoD tnbing string 11 if die liner L should become snick downhole. 
A dutch or odier torqoe transmission and tmque limiting mechanism 20 nay be 

30 provided to icSabty transmit torque while limidttg torque ftor dto purpose described 
above. 
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Tbd assonUy 12 may alio cootiiA an iaierlock syttem designed to autaitt 
amic^tted trial lotda, bodi c ompc e ui ve and temik, which way be expected in die 
coovcyuoe of die tobhig/lber syateni into die Tim intedock system nny 

also feiease to pernit aiial moveaie&t of die seal assenibty 13 id^ 
5 aftotfif litiff ^y^'^^^^iT*^^ Thbasdal movement nay be far die purpose of 
ooaxflbato diaengaieoieot of die seal assembly 13 fiom die PBR 14 as leqidred far 
fluid ciicttladoD or Ibr die adtfdoo of com pone n ts to die tubing stdng 11, or to 
coQtmLand enable relative movenient of die seal assembly 13 widdn die PBR 14 
while TMintaining pressuie mtegiity. 

embodiment of an interiock system. The shear member 39 is Waaediadially outward, 
but is pieveatBd by die upper body of FBR 14 fiom moving outward faidier dian die 
position shown in Fig. 4. Onoe at the suxfaoe, members 40 mqr be threaded faidier 
in» diereby c ompiessi og die Aear meniber S9 and allowing die seal asseaobly 13 to 

IS be removed fiom the PBR 14. Theassenddy 12 mayalteniativelyindudeamult^le 
shear system to aooommodala tubing stress and tubing length changes. A shear 
assembly may dius include a Quality of shear rings endi intended for shearing upon 
a selected axial force. During sdmnladon, remedial recovery operalionSt or killing 
of die wdU one of die diear rings may be designed to diear upon die application of 

20 a selected axial force to die tubing string, diereby aDowing die seal assemblies 13 to 
move up* Further axial movement will dien be prohibited by die next shev lingt 
which will remain in tact undl a higher axial force is subsequendy a^died to die 
production tubing string. Thesealassembly may dms be stoked to shear a rxng» and 
win relatcfa in a new axial potttioa widiia die PBR. This secjueoce may be rqieated 

25 as often as desiredt depending on die number of shear rings* Due to the multiide 
Ioad<arrying and rdeasing functions of die interlock system in assembly 12, vartous 
mechanism may be employed* ddier individually or hi combination, to achieve die 
flexibility requirements of varyhig anddpated downlmie condidcms and sequencing 
operations* 

30 The assembly 12 may also include an hderlode system whibh Is reqxmaive to 

annulus pressure for (Usoonneetii^ die production ndiing string 11 firom die polished 
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bdn leoBptidB 14. VaiioiB mediadm nay booed tedrispopoie* iodi^^ 
I'fiTMTlfly fl?T"***^ nWifiMniiiii uiBg l^fdmHc pmsn or puliWi Rnnovil (tf tte 
toUiig stiing 11 fion dio FBR 14 my te loqiiiindf foe ncunfSn, to ooinplctd or 
wockovcr tho wdL StoDovil my be cffBCiod by ipplyinf pnuuio to'tte ***'iiftOT 
5 betwten tf» pr od u cdoa flting U aad tte s un o uadint casing CS. Hie ineaased 
anTHmis preuure my sqbv i pm t^xn nanning « mipuwi pRsnrBg DiGRoy icusBimg 
an nimniir pressura niponiivB pmo* axxu nowenmi or im pi w on causes toe 
mechairic>l Pdctaeof acoUetmediinismw^ 

tubing string 11 and ttie PBR 14. The connecting assembly 12 may ttus oontam 

10 intedock system with a r^sse medttnism which provides fior the release of the 
pxDduction tubing string fiom the padcer 15 and the liner when the annular pressure 
exceeds dial witUn the tubing 11 by a selected value reqimed to shear die phi and 
release the piston* Onoe released^ tte tubing string U and seal assembly 13 may be 
polled up imo the pootioQ iUustxated m Fig« 3 . 

IS The genendon of a positive annuhis pressure c ompar ed to the production 

tubuig pressure during disconnectim of the tufamg string 11 fiomd&ePBR 14 creates 
areverseflowof fhndasmdicatBdby OeaxiowsFittFige 3, d»eby sweeping any 
ddiria or odwr contaminants up hue die tubiiv aad away from the FBR 14. TUs 
reverse drcolation is condnwd until Oe solids ia tte wcU fluids haw 

20 at whididme die tubing string may be widutewiL The seal assembly 13 is equi;^ 
with lower seats 32 mdikh are derigned to widuasad Ugh difihreatial pressure 
unloading conditionat ^rtdch occur in the condidon described above ^idiere there exists 
a posidve pressure diffendal between dte annuhis and the flow path of die tubing 
11. Tlie seals 32 are also designed to widistand die reverse Sow of die wdl flm^ 

25 which occurs immediatdy upon separation of die seal asseinbly 13 fi^ 
A lignifiram feature of ddshiveadon is diat fluid dr 

the liner placement and cementag operations. According to prior art techniques, 
circulation was discontinued when disconnecting die running tw4 from die li^ 
prior to dte cementing openoion. By allowing for continuous circulation, weUbore 
30 safely is enhanced and wdlbore uitegrity and control is increased. 
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If reqinvBdt t portion ci tho prodQctio& tidring string 11 way ht topped out 
and ttsea tripped btck in to instill a safety valve 46, atown geoenlly in Fig. 3. 
At tbe same dnae, other eqoipmat mi^ be installed at t positioii above die set 
pfodQcd<m packer IS. A coovcndooal downbto tool mi^ be used to aUow die 

5 dueads 22 in die pfodoction tubing string at a sdeetad axial locadoo to be bxokea 
apart, so that only a poitioii of die p rod uc t i on tobing string 11 need be letrieved to 
die snrfeoe. AUenativdy « various types of disconnect ae a aber a may be piovided 
along the length of the producdoo tubing string 11 between the surfeoe and the 
pioducdoopadter IS, so diat only a portico of die pnducdon tubing stri^ 11 m^ 

10 be iMrieved to Install a safety valve 46 or similar equipmeiiL As a fintker 
alternative, the rdesse discussed above may be activated, and the endie 

production tuUm string (xii^^ed out of the we& before perforating the p ro d u ction 
2one> ^ 

After setting die pecker assenriity IS and hanging off die tubing 1 1 ^ 

15 a conventional thrott^i*diO''tidiing peribntkm and c omple tion is peifiuiued* A 
suitable perforating tool (not iUustrated) may be lowerod dmnigh the tubing 11 and 
into the liner 17 to die snbsuifece location bearing die hydrocariions to be produced 
dirough die production tubing string* The p e rfo r atin g tod is actuated to cut 
perforations through die liner wall and surrounding cement and into die formation so 

20 that die hydrocarbons in die formation may flow into die liner and dirough die 
production tubing string U to die wdl suxfece. 

According to die mediod of die inesentmventioa, a liner, production padoer, 
and a polished bore receptade may be run in on die production tubing string. The 
production tubing string is formed fhim tubing sections with a uniform intenial 

2S diameter in each ti^g section and between adjoining tubing sections. The 
productim tubing string and die mechanically interoonneded packer seal rotate 
togedier when posidooing the liner in the weUboie and during the cenumt pumping 
operations. At least a portion of die annular overlap between die productira tubing 
string and die lower portion of die well string is filled widi cement during die cement 

30 punqping operation. Cement is dnis pumped dirough die production tubing string 
radier dian dirough a drill pqie string to cement die liner in place. The production 
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padtar miy thn be set with a prodwttoo tii^ 
Tlie predoctiatt inder is set witte 

with uniiliis pressm v^V'^^ xcmote initifltfoii of tlis jMter seltfan sscpiSDoa Id 
re^poBSO to pulses or piassuA It should be tmJeisiood llist» itt one wrhodfanrat of 
5 the inveotloiit hydiocsiboos sfe xeoovcred at the sinftoe through the pwwhicHoD 

tuMng Stxillg* 1b iWt!^ ^iwlwHfit^ftf Affile imiwitlftii^ tiihiiij trifig }• fMrfiitt^lty 

not a prodoetioQ teUs^ stxiQIt since instead uijcctloo flukte may be pumped into the 
well tbxougb tfds hdring string. In odier sppHcations, the tnUng sizing may be 
utilized for evahiatiott of die sbseooe of flow or p 
10 The connecting assembly also inefioably indudes a dsco nnec tlng nwchaniim 

for selectively enabling the prodncdon uibing string to engage or disengage from Ae 
production packer, the fj f smw' l lng ataloty may also hidude an egpsnsion 

to the set padoert a tocque trsmnritting device, a toiqoe Hmiting device, and a shear 
15 assembly with one or more dor lings. 

Vaxioos modififl a iinn stDdieeii uipmc ntandtodie nt^q i i^ 

should be appti t nt from die above d e saip i iou of the piefeiied embodiment 

Althoui^ die inventioe has tlms been dcscAed in delaii for a specific embodiment, 

it fhffliM be understood diat ttds ex|danation is for m i i i wa Hj ) | |^ anrf that the invention 
20 is not limited to die disdosed ririhndinirnt > Altenadve eq uipm e nt and openting 

techniques win be apparent to diose skilled fat die aft in view of ttds tfsdosuee. 

Modificatioos axe thus contemplated and may be made without departing from the 

qnxit of die inwcnfloiu wfaidi is defined by the dahns. 
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1. A method far rfm'**^t * *" * htjaar a west gMhig, 

coinpriiiny 

p ff^^ni<«n ■ liner in a wdlhore ftnm atubiny flrinf pta«iny tfarooyh thewril 



5 

^ f t q ifi i t thrff^gfc Ac tnhing stziiig snd tte finor to CMWffit tfie tixier in 
the wdDbore while mechaoiciDy positioning the liner finom the tubing itzing; and 

setting a pecker to sed between the ttibingsti^ 
liner is poiitiCTwd within the wdUxm bom the tubing suing. 

10 2. lliB method as defined in Claini 1, whexein: 

fonning the tubing |tring of tubing aediooi each having a substantially 
unifimn httemal diameter flow pass;q|e throughout its kogtti and between ac^ofanng 
tubingi 



3. The method as defined hi Claim 1, furdier oomprishig: 

IS applying a fluid jmssure extenudly of die tiriHng string greater dian fluid 

pressure within said die tnUng string; and 

medianically ideasmg the liner from die tubing string in response to the 
applied fluid pressure. 

4. The medmd as defined hi Claim U fhrtfier comprising: 
20 manipuladng dm tubing string to move die liner while cement U 

into die wdlbore. 

5. Tim medmd as defined ui Claim 4, furdier comprising: 
mechanically intecoonneedng die tubing string and an annular packer seal on 

the packer such that the packer seal rotates with die tubmg string widdn the well 
2S casing during manipulation of the tubing strii^. 
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:6» Hio mcdiod II defined in Qiiin 1» flitlbei cocunliingT 
cteoIttiBS weQ ftaid betwm the pMto and tba 
Mf/tmrnt tt^ftm^^ ijj^ tubiiii iuio$ priof to ttitinc fbc ptdoBf* 

7. His meiliod at defined in CUni 1, whenia setting die pneker is 
IW f fi rrmwl ^1*^ tnnwhig tf>« mlifag rtriag ^needahawB dtapMka. snd^iddkdie 

is r tm f ^ *»4 in ptooe widiin tbe wdlboie with die liner stnictmally fixed to the 

pSClWT* 

8. Tlie mediod as defined in Ctaim l.niieeein setting tbe packer indndes 
utilizing annulas pRssue between die tubing stcing and die wdl casing to set tbe 
packer. 

p 

9. The medud as defined in Qaim 1, ivndier comprising: 
extending dte tubing string bdow die packer, whereby a tnbing-t&-casing 

annular ovcrisp area is fonned between a tower poidon of die tubing string and a 
lower pocdoa of die wdl caang; and 

punqdag cement indndes posidooing cement in the overlap area. 
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poridooiiig a Uaer. a packer, ttd a tiii»iog disooo^ 

a tnbing string! 

pumping cement tiaough tiw tdnng stxis^ aod th^ 

5 tfae weObore wtule diculadsg wdl fluid vpwaxA put the pa ck e r and the tubing 

diaoodiwct in the weObora; 

fluai^nilatiiis the tuUng string ID 
the wdlbov^ and 

setting ^ packer to seal the tubing string in tiie wdlboie. 

10 11. The method aa defined in Claim 10, fiatherc empri ii ngT 

pressurizing an aonuU^ ^aced eacterior of tfie iidriag string; and 
yriv»<»g ttm tiiMrg disconnect to rrmowe iha tubing string from the padcer 
HMf tihriwing ttie ppemm in the annnlns to nennit flirid flow ftom the annulus 
into the tubing string. 

15 12. Hie method as defined in Claim 10, Anther com{>rising: 

automatieaUy limiting the tonjne ttansmitted between the tubing string and the 

liner. 



13. Hte method as defined in Claim 10, luxdier comprising: 
die t\Amg difffwrny* includes a polished bote leceptade with a uniform 
20 diameter bore therein and a seal assembly for sealing between the tubing string and 

the uniform diameter bore; and 

siang'the uniform diameter bore as a function of an outer diameter of the 

tubing string to legulalB the inessne differeatial-indueed loadng on the seal assembly 

and the tubing. 



1 
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14. A mettwd fig mffqdwring a wdU cnmpridnr 
sDveotfag a {BodneliaB pMte and Hner In t weDbon bdow^^ 

tXOOl ft pflXniGliOQ DlDIQg MUII|» 

pmnping cBiUMt ttwfwi^ die piodiiciioii tiiMm siiiiig to ocnmt*tte linBr is 
5 ttiewdlboKe; 

setting the inodoctioQpidoer to seal in 
piohictioQ tiiWi« stdog; ai^ 

recovering fbnnatiao fluid tfaxough Uner and the producdoo tubing strings 

15. A mediod as defined in Claim 14^ fiirdicr comprisng: 
10 apfdying ft fhddptesiiiEeextecDaUy of die product 

die fluid pfessiue widdn the.pioducdoD tubing tii ingi and 

releasing die ptoductioQ tubhig string from die liner wiule maintaining the 
fluid pitssuxe vAmdbj ft revene fluid dxcukdon flow is established to carry weU 
fluids and contaminants upwardly duoui^ the pto d octi o tt tubing string. 

IS 16* Tlie method as defined in Claim 14^ ftstber oomprisingt 

man^ndadng dm piodnctloD toUng string to move dm liner while cement is 
being punqmd into dm weDboiet and 

dxcttlating wdl fluid between dm produedon padker and dm 
pufoping cetnent ttsoun^fai the productioB tubmg string prior to setting the production 
20 packer, 

17. The metlmd as defined in Claim 14, ftvdier comprising: 

removing g portion of dm productioQ tubing string fiom dm wdlbore to 

posidoQ ft safisty vahm within dm production tubii^ string prior to recovering 

formadon fluid dirough the liner and dm production uibing string. 
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18. The method as defined in Claim 14« wherein setting the production 
packer includes utilizing amrolus pressure between dm prodocdoo tubing string and 
dm well caring to set dm producdoo padoer. 
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19. Hie aetfaod M defined in Oilm 14, fiirttier compri^ng: 
pravidiog a ciossover sab benetth the ptodttcdoa padcer ai^ 

cod of the prodnctioo mUni strios and an vppct end cf dw liner* 

20. Tte nettiod as defined in Claini 14, Anther oMBpii^ng: 
mechanically i uiew on n e c t lng fl» production tubing string and an amwlar 

packer seal on die pradnedoo padeer sndi that the packer seal rotates with die 
p nw h wikHi tnUng string wltMn the wdl cadng. 
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21. A sysm ibr prwHinning of m Hner bdow a wdl cudng utOiziiig a 
tnlHng stxiiif wiftiii tbo wdl mingt oi'Hn]HiiPny 

a polUied bore l ecc ptade fbr sdedivdy seaBug and leodving aa upper 
poitiaa of the tubing string lod for disooni^^ 
Mringt 

a packer bdow tfie poliibed bore reoqrtide for seaUsg berwoea the tubing 

ttrfaif Md th^mril CMiny^ tha p^kar inchidiiig an mnlmr pa^^Wir ^1 m^i'i^ifnUy 

intexcoanected with the tiMag string for rotatiag with die tidiing string; 
a Iow«r portioa of a tnUag string exieodbg be^ 
acrossow sub fot interooonfy»ting the lower portioo of the tDbing string 
iQiparponiQO ok mo unBt bmi 

upp^ «iMi pnmpAwm plug* W po«M^fa.y nhnum «t»4 h«l«iiii ^ r^hmwi 

of ocuiGBt withio tfift hAiiig iliiiig for r*""p''^ **"*f rt tilBivdIborBaiid about 
theliner. 

22. TliesyttmasddliiBdinCIiim21, ftodMreoopdsiiig: 

tbe poHshed bom noeptwte iadiidM an doogtfB poliabed ^ 
djifWrtfTj and 

& lowcxiuost end of the vpptt fwflioit of tfia stnng inchidBi & sod 
assenddy for sealing «ngigBmftnt with ttie taaifimn (Sameter bore widdn the polistei 
boxc wwcptictei 

23. Tlie qmem u defined in Claim 21, fintber oonqniaiog: 

a torqufl limiiing device to autotnarically linrit tnttpti trm y^ft fd brtwwn the 
tubing string and the liner. 

24. Tlie system as defined in Oaiffl 21, fuitbcr oomprising: 

a dis co nnect member for contrcdlabty disconnecting die upper poition of the 
tubing string and die pdisbed bore lecqMacte. 



25. A mttbod of installing a linar substantially 
as harsinbsf ora daserilMd vith raf arancs to tho 
accoapanying drawings • 

26. A syatas for positioning a lin«r 
substantially as harainbafora dascribad with rafarsnca 
to tba accompanying drawings « 
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